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ARAPAHOE NATIONAL WHLDLIFE REFUGE

PROPOSED SCOPE OF WORK
WATER RIGHTS ANALYSIS
HISTORIC Ve, CURRENT PRACTICES

PART |, HISTORIC USE ANALYSIS

Genersl, The primary objective of Part | of the Scopa of Work is to quantify the amount
of stream depletion (consumptive use) sttributable to the historic irrigation practices on
lands now held by the U. §. Fish and Wildlife Sarvice (USFWE) for the Arapahoa Natlonal
Witdlifa Refuge (ANWR). The irrigated acreage xt the ANWRA is estimated tn be In excess
of 10,000 acras and Is servad by appraximately 25 individual water rights. !t is proposed
to approach the historic uge analysis in a manner consistent with water resource
enginsaring practices performed for water rights transfarg or change of use proceedings
in the Colorada Water Courts. By adopting thls approach, it will enable the FWS to
avaluate potential changes in the operation and usgs of the ANWR water rights to facilitate
the purpogas of the refuge, without causing Injury to other water users and water rights
in the North Park area. If It is ultimatsly daclded by the FWS to change the location or
pattern of use of a water right(s), the necassary historic use data will be ¢omplete.

The proposed scope of work for W. W. Whaeler and Associates, Inc, (‘Wheeler) is
summarized in the following outiine. _

A, Meat with USFWS staff to review the Scope of Work and to generally review the
intent of the project and the approach to the historic use analysis proposed by
Wheeler, It iz assumed that USFWS will provide sll information related to the
amoaunt of land included in tha ANWR, tha water rights held by the USFWS for the
ANWR and all avallable prior reporia partaining to the water rights and thelr histotle
use. Two half-day mestings ara anticlpatad.

A, Reviaw all reparts provided by the USFWS relatad to the historic use of the ANWR
water rights, including available detailed summarles of tha direct flow water rights
and the reservolr storage rights held by the FWS, Prepare a projact memorandum
summarizing the data of sach raport reviewed, the general sublect matter of the
raport and tha key data contained tharsin.

B. Obtaln coples of the court decrees for the ANWR water rights, including any
changes of use decreos that may hava been granted by the c¢ourts. Review the
dacrees to identify any particular concerng ar conditions that may affect the use
of the water rights at thg ANWR.
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Subtask 3 - Water Rlght Diversian Becords,

A"

Consult with the Colorado Diviglon of Water Rasources, specifically the Division
8 Enginaer and the local Water Commlasloner in regard to the availubllity of reliable
recards of tha historic diversions by the ANWR water rights. Depanding on the
avallability and rellability, selact a study period that extends back In time to at least
15 yaars prior to the initial scquisition of lands for the ANWR (approximeatsly 1950)
and carries through 1993, Prepars a brlef memorandum summarizing the
availability of racords snd providlng a recommandation to the FWS In regard to the
selectad study period, bazed on the reliability of the data,

Obtain the availabla diverslon and reservoir starage records from the Colocado
Division of Water Resources. Summariza the river headgate diversion data on a
monthly and annual basis for each of the ANWR ditch and reservoir structures.

Convert monthly diverslon data fram the spraadsheet format to ASCI files for
subsequent usa in computerized depletion madels. :

Summariza the histarie resarvoir relaase data, if available, to determine the timing
of releases and tha quantity of storage watere historically used for sach irrigated
parcel,

Bl

E.

Obtain aerfal photo coverage of the irrigatad portions of tha ANWR fram avallable
saurces, including the USFWS, the ASCS, the SCS and the USFS, [f avallable, the
preferabla photography would include one coverage in the fate 1960's and another
in the early 1990s fthe /stter to be used for the analysls of current irrigation
practices at ANWR), Black and white phatography will be used for the earlier
coverage and color photography, if available, will ba usad for the later coverage.

Scala the aerial photographs against USGS 1:24,000 topographic quad maps to
astablish the photo scale,

Prepare acetate/mylar overlays for the photos for subssquent identification of
lerlgated arsas.

in conjunction with the field ingpections described In Subtask B, identify the
location of the ANWR ditch structures, major laterals, and reservairs on tha photo
overlays,

In conjunction with the field inspections described in Subtask 8, identify the areal
extent of the historically irrigatad acreaga under each ditch structure and outline
on the photo overlays, Planimatar asch parcel to determine acreage for each ditch
structure,




Prepare a table summarizing the amount of histarlcally Irrigated acreage under sach
ditch, Prepare a map at an approximata scale of 1" = 2,000 ft, which shows the
tocation of the ditch structures and the Irrigated acreage.

Perfarm detailed site Inspection of tha ditch structures and reservoirs asgociatad
with tha ANWR. Parform a reconnaissance level avaluation of the ditch capacities
in relation to the decreed flow rates and historic diversions. ldentify and assess the
adequacy of the measuring devices on each structure. Verify the lecation of ditch
headgates and the genera! alignment of the ditches on the aertal photegraphs.

Using the aerial photos, identify the location and areal extant of the hlstoricaily
irrlgated acreage under each ANWR ditch and regarvoir, Detarming which structure
{ditch and/or reservoir) Is available ag a source of irrigation water to sach parcal.

Inspact the existing storage resarvolrs and ponds associated with the water rights
on the ANWR, Saperately identify all gatursl ponds on the refuge.

Analyze the soil properties for the ANWR Jrrigated lands by comparison of data
summarized in the SCS Soil Surveys for Jackson County with observations made
in the flald using shallow, hand-augerad test holes.

Datarmine depth to water table under the subjsot irrigated parcels In order to -
svaluate the potential contribution to the consumptive use from high water table
conditians, _

Evaluate and to the extent possible, determine the patterns of surface runoff and
potential interception by other ditches prior to reaching tha stream. Similarly,
avaluate the probable locations of subsurfaos return flows with respect to other
ditch headgates,

Conduct on site imterviews with former awnars and/or irrigators of the ranch
properties now inctuded in the ANWR to galn understanding of historic irrigation
practices, including typical seasan of use (first day and last day of diversions); the
methods of irrigating; the timing of harvest; hay production versus irrigatad pasture
grass; estimated crap vields; adequacy of the diverted watar supply; operstion of
storage reservairs (whan fillad, when released, refill opportunities, stc.}; verification
of Irrigated areas; and any other related Information.

Interview the local Water Commigsioner to gain understanding about the
administration of water righta and storage righta In tha North Park ares; the typical
hydrology of the rivers and streams through the ANWR: and knowledge as to
historic uzas on the ANWR.




Sud puy FHEc oV

R I R T

. L E fon

0.

Using procedures described in National Weather Service Technical Peper NWS-33,
astimate the annual evapoaration logs frony shellow pands and raservoirs,

Using procedures recommandad by the Colorado State Engineer, determine the
monthly distribution of the annual evaporation datarmined in Itere A, above,

From aerlal photographs, determina the surface area of the man-made reservolr and
ponds on tha ANWR. Estimate tha average annual water surface area with
consideration of typleal drawdown patterns,

Estimate the monthly avaparation logs from all man-rmade reservoirg and ponds
using the monthly net evaporation rates and the estimated water surface areas.

Bf

G,

Establish aquifer propertiss naecessary to evaluate the timing of subsurfaca return
flows from irrigation. To the axtant available, use well test reports, published
information from the USGS and/or other agencies to estimate saturated thicknasa
of the aquifer, hydraulic conduativity and void ratios.

Using maps of the ANWR, estimate tha distance of tha irrigated parcel from the
syrface stream system, expressad In terms of the "L distance used in the generally
gaceptad Glover procedure for return tlow analysls,

As appropriate, identify tha location of Intarcepted surface runoff and intercepted
groundwater raturn flows,

Using the SCS Soil Survey maps, supplemanted with data obtained during the field
ingpactions, determine the characdteristics of the soils including depth of seil, soil
molstura holding capacity, infiltration rates, etc. Determing a welghted average of
the soil characteristics for each major ditch structure,

Obtain daily termperature and pracipitation data frarm the weather station at Walden
for the selacted study pariod,

From fleld inspections and Interviews, identify the type and nature of the crop
ralsad an the irrigated parcels (assumad to be predominantly meadow hay grass).
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Set up the madel to determine the Crop Irrigation Requirement (CIR} using =&
computer madel davaloped by Whesler (SMBGW). The CIR represents the amount
ot irdgation water required by a crep, after the contribution from naturaf
precipitation.  The SMBGW model estimates CIR in comparison to the
svapotrensplration (ET) for a "rafevence orop”.

The estimatad CIR will ba verified using a calibrated Blaney Criddle aquation with
orop coetficients for high mountain meadow grass developed from lysimetar studies
in the South Park area of Calorado.

Model the historle lrrigation practice using Whaaler modal DPLNB-WT or WTMDL.,
This modal{s) compares the thagretical CIR with the availablo irdgation supply as
indlcated by the historic divergion records and storage releases. The model also
Inciudes consideration of the avallable water stored in the soll profile that is
availabla for consumption by the plant. (Wote that a portlon of the groundweter
contribution may be from natural conditfans not relsted to diversions pursuant to
the ANWR water rightits. }

Input the historic diversion data from Subtask 3, adjusted for ditch conveyance
losges and contributions from intercepted runoff from upgradient ditches, if any.

Input the CIR requirement from Subtask 9.
Input the raturn flow characterlstics determined in Subtask 7.

Summarize the results of DPLNS-WT mode! for each ditch. For each water right
structura, provide a manthly summary of the histeric use of the water rigiht,
including the following:

1. Estimatas of higtoric monthly diversions and modelad irrigation return flows,

2, Estimatas of historle monthly $tream Depletion, dafined as divarsions minus
returns flows. (The Stream Depletion is a measura of the impact on the
stream resulting from the historic irrigatlon practices. It differs from
Consumptive Usa because of tha delayed timing sffects of subsurface
return flaws.}
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Genergl, The primary objective of Fart I of this Scopa of Wark Is to quantity the amount
of water diverted, consumptive usas (crop evapotranspiration and evaparation losses),
raturn flow patterns and stream depletions attributable to tha current and anticipated uses
of tha ANWR water rights for wildlife purposes in tha refuge. The appreach will be very
almilar In technique to that describaed In Part I, the Historle Use Analysis, modified as
necessary to reflect differencas, if any, resulting fram a change In the timing of diversions,
changes In the lecatlon of irrfgated parcels, combining or commingling water rights,
transferring water righta to different structures, change in the season of use, stc.

Much of the basic data neaded for the Currant Usa Analysis is developed In Part | and Is
more fully dascribed In that portion of tha Scope of Work,

Raview the Annual Water Use Report/Management Phkang available from the USFWS
for the period 1279 thraugh 19893 to gain understanding of the goals and objectives
of the Management Plan for the ANWR,

During the fleld Ingpections desgcribed under Subtask 5 of Part |, canduct Interviews
with the Supervisor/Manager of the ANWR to review the current management
policlas and desired operations of the water rights and water features of the ANWR
and to identify differences between tha current {and snticipated) opserations for
wildlife enhancement and the histarle practices of agricultural irrigation.

1. Datermine if new and additlonal lands are desirable for irrigation under the
current management plan, Compare the locations of these new irrigated
areas, if any, to the historically irrlgated parcels.

2. Determine If naw panda or othar open-water features are to ba Incorporated
into the ANWR managament plan. f so, evaluate sources of supply ta
those facilities.

3, Evaluate possibliities of diversions in a seasonal time frame different from
that for histerle ‘agricuitural irtigation,

Using the available Water Uga Reparta/Management Plan provided by the USFWS,
summarize the current diversion records for sach structure on a rnonthly and annual
basis.

Verify tha USFWS recards by comparisan to tha diversion records maintalned by
tha local Watar Commissioner.
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Prepare summawshowtnq the "pre-refuge™ diversions uged for agricultural Irrligation
In comparison to tha “past-refuge” diversions used for . wildlife. Evaluate
differences in the timing of diverslons for the twa uses, the magnitude of diversions
and any differances in the uge of storage water,

tn consultation with the Water Commissionar, determine if any changes In the
patternftiming of divarsiona (if identitied In item C above) could cause Injury to
other water rights and water usars downstream. This may entail an analysis of the
“pre and post® refuge Impacts on the straamflow as rmeasured at USGS straam
gages dowrstream,

Consider whather changes in the amount and!or timing of diverslona would impact
the provisionsg of the Interstata compact betwean thae States of Colorado, Wyoming
and Nebreska which governs tha diversion and use of the water in each state.

BI

In consgultation with the ANWR Managar, |dentify current acreage irrlgated using
the subject water rights and corpare to the mapping of tha historlc irrigated
screage. This work will be verified during the field inspections {Subtask § of Part
I} and mapped on ovarlays using the more recent aerial photographic coverage. If
planned, Identify any additional acreaga that might be brought under irrigation in
the future for wildiife enhanicement purposes.

fdentify any new diverslon atructures or conveyanca facilities that may be includad
in the currant aperation of the ANWH.

Delineate and planimeter the current irrigated acreage as determined above,
Including an estimate of planned future lrrigation, If any,

Prepare a summary describing the amount of current irrigated acreage under each
ditch and reservoir, Prepars a map at an approximate scale of 17 = 2,000 ft.
which shows the location of the currant ditch structures and the irrigated acreage.

A!

As described in Subtasks 7 and 8 of Part |, review the soll characteristica and
aquifer properties pertinent to pev irrigated acreage, if any, to determine
differances from tha assumptions used for the historic use analysis in Part i.

After consultation with tha ANWR Managar, determine operational practices for
axisting and new water storage facilities. Determine typical and projected watar
atoraga levels throughaut the season, whean used for wildlife purposes,
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8, Using estimates of the monthly net evaporation, compute snnual evaporation losses
from ponds and reservolra under the current wildlife practices.
Subtask 16 - Crop Yrrigatlon Reaulrement
A, After understanding the current Irrlgation practices at ANWR, avaluate whether any

modifications to the estimates of the Consumptive Irrigation Requiremertt (CIR}, as
datarrmined In Subtask 9 of Part |, ar¢ [ustified. Implement thase modifications as

necassary.

Aftar undacstanding tha currant irrigation practices at ANWR, avaluate whethaer any
modlfications need to be made to the pattern and timing of Irrigation return flows,

Subtask 18 - Currant Depletion Analvsls

Model the current lrrigation practices at ANWR to estimate the Stream Dapletion
using Whaeler's DPLNS-WT or WTMDL meodels, as described In Subtask 10 of Part
I, Utilize tha diversions, irrigated acreage, CIR, return flow characterlstics, etc.,
assoclated with tha current irrigation oparations at ANWH,.

Summarlza the reaults of the DFLNG-WT model for each ditch. Far each water
rights structure, provide a monthly summary of the current (and anticlpated future)
use of the water right, Including the following:

1. Estimatas of tha current diversions and modeled irrigatlon return flows, both
of which would reflect any change in the timing of diversiens fer wildlife
uses.

2, Estimates of the Stream Deplation attributable to the current operational
practices.

Prepare a summary illustrating the differences, If any, between the historic stream
deplation patterns {Subtask 10 of Part |} and the depletion patterns under the
current wildlife operational practices.

mﬂ;ﬂﬂﬁlﬂ@m

Prepare a final written report, documanting the analyses used ta quantify the
impacts of the historic and current lrrigation practices for lands now included [n the
ANWR, The report will gontaln detalled documentation of the diversions,
consumptive use, return flows, avaporation losses and nat stream depletion for
each conditign.

Maat with USFWS persannel to discusg the results of the analysus and to evaluate
racommandations for furthar actions by the USFWS,




